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1. Fabrication of CNT/Ni/TIN/Si bridge structures 


1.1. SOI Batch #3A, Sample CTSoi-14N (Follow-up, complete) 


CNT bridge fabrication results for SOI Batch #3A samples were shown in last report, except for 
the particularly promising sample TSoi-14N which was planned to be cleaned using a new 
microwave plasma ashing method prior to CNT growth. Although the MW plasma ashing wasn’t 
successful in removing the remaining burnt/popped photoresist on the sample, aligned CNT were 
obtained for the first time on this sample’s previously broken Bridge #3 (Figure 1). However, 
Bridges #1 and #2 also collapsed before the CNT growth making CTSo1-14N unsuitable for 
electrical/thermal characterization. Last MW stripping, lithography, and CNT growth process 
parameters are available in the follow-up tables of (Annex 1, Annex 1B), (Annex 1, Annex 1D), 
and (Annex 1, Annex 1G) respectively for this sample. Photomicrographs and SEM micrographs 
of the CNT bridge are added for those last fabrication steps in Annex 2. 


Figure 1 : SOI Batch #3A, Process flow #3A: SEM images of CTSoi-14N broken Bridge#3 with aligned CNTs 


1.2. SOI Batch #3B, Process flow #3B (New, complete) 


The CNT bridge fabrication for the five SOI Batch #3B samples (CTSo1-13bN, CTSo1-14bN, 
CTSo1-14cN, CTSo1-15N, and CTSo1-19N) was performed using the related process flow 
described in the second to last report. Precise process parameters and data are available in the 
follow-up tables of (Annex 1, Annex 1A) for deposition with the CVC sputter, (Annex 1, Annex 
1B) for CNT growth with the PECVD, ( Annex 1, Annex 1D) for lithography processes, (Annex 
1, Annex 1E) for wet etching processes, (Annex 1, Annex IF) for dry etching processes with the 
Tegal T901e RIE, and (Annex 1, Annex 1G) for resist ashing/stripping with the Plasma-Preen. 
Photomicrographs and SEM micrographs are provided at the various process flow steps for the 
samples in Annex 3, Annex 4 , Annex 5, Annex 6, and Annex 7. Many CNT bridges of this batch 
appear to be potentially good and are further analyzed in the characterization section. 


1:3. SOI Batch #4A, Process flow #4A (New, started) 


The process flow #4A was also described in the second to last report and 5 samples (TSo1-11, 
TSoi-l1b, TSoi-12, TSoi-12b, and TSoi-18) are being processed accordingly. First already 
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available process data are also included in the follow-up tables of Annex | but since the 
fabrication is still ongoing, main results are only expected for next report. Preliminary tests 
already indicated that stiction between the early released Si bridge and the handle underneath 
might be one of the main challenges for this process flow. 


1.4. SOI Batch #5A, Process flow #5A (New, started) 


This batch of samples has been started lately using the new SOI prime wafers that have been 
received with device nominal thickness of 3+0.5 um and a BOX nominal thickness of 1 um 
+0.5%. The CNT bridge fabrication 1s however currently on hold as the precise process flow to 
use will be determined from ongoing first characterization and analyses of previous batch results. 


2. Characterization of potentially good CNT bridges 


Volume (thickness and growth area) and mass measurements are being performed on some 
selected CNT samples to help estimate their CNT density. Densities of ~2-3% are reported in the 
literature for SWCNT films 10 um thick but could vary a lot depending on sample preparation 
conditions [1]. Thermal conductivity measurements are also to be performed once the 
experimental setup is ready. Room temperature thermal conductivity values in the extremely 
wide range of ~0.7-6600 W/m K are reported for individual and bulk single wall and multiwall 
CNTs [2], [3]. 


2:1. Thickness measurement (CNT and Si bridge) 


The CNT layer thickness was estimated using various tools: 

- Veeco optical profiler appears unsuitable for this kind of measurements due to the high 
difference of reflectivity between the CNT layer and the surrounding layers (TiN 
electrodes and Si Handle). The low reflectivity of the CNT layer makes the bridge appear 
as a hole in the whole structure (Figure 2). 
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Figure 2 : Veeco Optical profiler measurement of CNT layer thickness for sample CTSoi-14N Bridge#3 
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- Nikon Eclipse LV150 optical microscope was used to measure the stage displacement 
required (in the vertical Z-direction) to focus respectively on the top surface (Tip) and 
bottom (TiN layer) of the CNT film. Since the Z-displacement knob graduation is in 
arbitrary units, the system has to be calibrated for the conversion of this graduation unit 
into standard length units. A first calibration was done using an available Veeco Step 
Height Standard (SHS) which was known to have a height of 8.374 um. The challenge 
was however to know exactly when the focus was on the top of the step and in the trench. 
Calculated conversion factors are shown in Table 1 and hence estimated thicknesses for 
the samples’ CNT layers are shown in the second to last column of Table 2. 


Table 1 : Veeco SHS based Z-displacement conversion factor for the Nikon LV150 optical microscope stage 


= Knob 
Graduation Unit 


Step Level (grad) 


- A second calibration of the Nikon Eclipse LV150 optical microscope stage Z- 
displacement was done for each sample by measuring an additional reference distance 
that could also be easily measured using the Dektak 150 stylus profiler. The depth of the 
trench (TiN + Device layer + BOX) around each bridge was therefore measured using 
both methods and a conversion factor was calculated for each bridge. The challenge was 
also to know exactly when the focus was on the handle, the TiN surface and the CNT tip. 
Calculated conversion factors and estimated CNT thicknesses are shown in Table 2. 

- SEM measurements of the CNT layer thickness were also performed on the samples by 
tilting them as much as possible (65-70°). Raw measurements indicated on SEM images 
in Annex 2, Annex 3, Annex 4, Annex 5, Annex 6, and Annex 7 are to be corrected 
afterward for the tilting angle as the SEM automatic tilt-compensation was shown to 
distort images only in an in-plane direction, leading to false CNT thickness measurements 
when used. Corrected average CNT thicknesses are shown in Table 2. Definite tip 
delimitation for aligned CNT samples (CTSoi-14N) leads to more reliable measurements 
than the unclear delimitation of the top surface of all other analyzed samples which CNTs 
are spaghetti-like. 


Veeco SHS based estimations are seen to be completely out of range with Dektak and SEM based 


estimations. In fact tilt-corrected SEM measurements are thought to be more reliable as they are 
less operator-related. 
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The thicknesses of the Si bridges (device layers) are also estimated using the Dektak 150 and 
SEM measurements as shown in Table 3. 


2.2. CNT growth area measurement 


Theoretical dimensions of the Ni masks (6 um X 54 um; 6 um X 104 um; 6 um X 204 um) could 
be used to estimate CNT surface coverage on the bridges. However, more precise and direct 
measurements were performed using a useful surface measurement feature found in NIS- 
Elements image analysis software. Those measurements of CNT growth areas allow for taking 
into account fabrication-related defects as indicated in the optical images of Annex 2, Annex 3, 
Annex 4, Annex 5, Annex 6, and Annex 7. 

For electrical/thermal characterization purposes, it should be noted that the effective CNT surface 
coverage might be slightly smaller than measured in some particular cases depending on the 
fabrication process flow used. Especially, when the TiN electrode layer is patterned and etched 
before Ni deposition and lift-off, Ni might also be deposited directly on the S11n TiN defect areas 
leading to CNT/Ni/Si1 growth which should not be accounted for in electrical signal from 
CNT/N1i/TiN/Si areas. CNT surface coverage data are available in Table 3. 


2.3: Mass measurement of CNT film 


The CNT film mass measurement was performed using a Sartorius Supermicro 4 microbalance 
which was found in the Chemistry Laboratory of DRDC WS Section. This microbalance has a 
specified readability (resolution) of 0.1 ug. For practical operating reasons, the total sample 
(CNT + substrate) size and mass should not exceed approximately 2 cm X 2 cm and 400 mg 
respectively. The CNT weight is estimated by comparing the weight of the substrate before and 
after removing the CNT film. 

The first measurement performed on a CNT test sample (CS093-3N) yield 77.6 ug for CNTs 
covering an area of ~1 cm’. If such CNTs were on the Ni/TiN/Si bridges, they would have 
weighed between 0.25 ng and 0.95 ng respectively for the shortest and longest bridge. Those 
values are at least two orders lower than the resolution of the microbalance and that means 
there’s no point trying to measure directly CNT mass on real CNT bridge samples. Witness 
samples will therefore be used to estimate the CNT mass on the bridges. Moisture could affect 
seriously measurements with the microbalance and therefore special care should be taken with 
the CNT layers which are highly porous. 
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Plasmionique Inc. Sample CTSoi-14N 
Annex 2: Sample CTSoi-14N 


Lithography + Wet etch (ok!) + Strip (Wet) 


7.08 pn) 
a5 yen 
50. 38 jn oat ons 


Lithography, Development 


Plasma etch (RIE) 
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Plasmionique Inc. Sample CTSoi-14N 
SiO2 etching 


Wet Etch (BHF, HF) 


Strip (RIE + Wet) 


Ni Lift-off 


Flood Exposure (stabilizes PR for PVD process) 
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Plasmionique Inc. Sample CTSoi-14N 


nail 
: 


Strip (Wet + RIE + Gentle Q-tip scrub removal) #5e. Popped/Burnt PR spots still visible: add MW plasma 
strip with multi-step process? Is Bridge#3 broken during Q-tip scrubbing step? 


Ee 


Strip (MW Plasma, 6 runs of 15 min) #6e. Popped/Burnt PR spots not removed by the MW plasma strip. 


Strip (Wet + Gentle Q-tip scrub removal). Bridge#1 and Bridge#2 collapsed. 


—— ee eee eee 


CNT growth 
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Plasmionique Inc. Sample CTSoi-14N DRDC Valcartier 


| 
| 


Bridge#3 - Optical images: Dimensions - Focus on Si handle (left), TiN surface (center), and CNT tip (right) 


for thickness estimation. 


Bridge#3 - SEM images (No tilt): Dimensions 


Bridge#3 - SEM images (70° tilt): Dimensions (uncorrected) 
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Plasmionique Inc. Sample CTSoi-13bN 
Annex 3: Sample CTSoi-13bN 


TIN Patterning 


Lithography + Wet etch (ok?) + Strip (Wet) : TIN step thickness seems OK (no extra etch needed) 


Ni Lift-off 


ps 


Lithography (HMDS + Negative PR with double coat) + Development. #5 


Flood Exposure (stabilizes PR for PVD process) 


Strip (Wet + Gentle Q-tip scrub removal + RIE)x2 after Postbaking (oven), Descumming, and Ni coating. 
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Plasmionique Inc. Sample CTSoi-13bN 


Si Etching 


Lithography, Development 


Plasma etch (RIE) 


SiO2 etching 
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Wet Etch (BHF) #30: underetching of TiN 


Strip (RIE + Wet) 
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Plasmionique Inc. Sample CTSoi-13bN 


CNT growth 


Bridge#1 - SEM images (70° tilt): Dimensions (uncorrected) 
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Plasmionique Inc. Sample CTSoi-14bN 
Annex 4: Sample CTSoi-14bN 


TIN Patterning 


Lithography + Wet etch (APM, #8, stopped due to apparent but not real Si etch!, No Si device layer was 
present at Bridge#3 location due to thinning) + Strip (Wet) : TIN step thickness seems too low > + 
Lithography + Plasma etch (RIE recipe for TIN etches Si as well > no endpoint) + Strip (RIE + Wet) 


Ni Lift-off 


SO. jam 
ee 


Lithography (HMDS + Negative PR with double coat) + Development(#2) 


Strip (Wet + Gentle Q-tip scrub removal + RIE) #2 after Flood Exposure, Postbaking (oven), Descumming, 
and Ni coating. 
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Plasmionique Inc. Sample CTSoi-14bN 
Si Etching 


Steam 


1 


Plasma etch (RIE) #3 


SiO2 etching 


a 
—_— 


Strip (RIE + Wet + RIE) 
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Plasmionique Inc. Sample CTSoi-14bN 
CNT growth 


Optical images: Dimensions 


Bridge#1 - SEM images (70° tilt, except #1): Dimensions (uncorrected) 
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Plasmionique Inc. 


Bridge#2 - SEM images (70° tilt, except #1): Dimensions (uncorrected). Bridge#2 touches the Si handle! 
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Plasmionique Inc. Sample CTSoi-14cN 
Annex 5: Sample CTSoi-14cN 


TIN Patterning 


Lithography + Wet etch (APM, #5, stopped due to apparent but not real Si etch!) + Strip (Wet) : TIN step 
thickness seems too low > + Lithography #4 + Plasma etch (RIE recipe for TiN etches Si as well > no 
endpoint) + Strip (RIE + Wet) #2 


Ni Lift-off 


Lithography (HMDS + Negative PR with double coat) + Development #2 


* at 


Strip (Wet + Gentle Q-tip scrub removal + RIE) #2 after Flood Exposure, Postbaking (oven), Descumming, 
and Ni coating. 
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Plasmionique Inc. Sample CTSoi-14cN 


Si Etching 


Lithography, Development 


1! a in 


Plasma etch (RIE) #3 


SiO2 etching 
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Wet Etch (BHF) #33: less underetching of TiN 


Strip (RIE + Wet + RIE) 
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Plasmionique Inc. Sample CTSoi-14cN 
CNT growth 


j F wes a i Ce me wer ra 
' " s ro hi. et a a ra E- #. * 
| os oe 1 = af n : 
a > = = tt = oo He 
| a, = | . rE = bs Fe’ at 
i 2 es 4 k k ‘id ¥ re t " 
ft a ob ey i 1 i ey FF i a 
| 7 4 / , = ek a 
[ 1 _ — = i = ae ra 
a Le ] » i ' 
-_ ge a ks i 2 eae ty 
2 f = 1 = BE 7 £ = - a 
be a rT = F ae Py ne es \ & 
cd 2°) ew we eo! 
rh aT = : = @: i ut il 
com = . han geo, = mi” ig bs B 
om 7 ‘yD eu po Se (rt 
a ‘ E 4 »'T 
i= 7 ‘- i & 
* r a; | = 
: a? La 


= 
t 


Fag ey 


f 
_ ia 3 i oe 
‘ew 


a, 


5 
i. 
1 

a 


oc 


4 Q 
1 

e 
rT 
pet 
ae 
= 


t 
4 

F 
t 
. 
of 


Gk: Titik ttt 
a” 
i 
Fi rs 
7 
a, 
pe 
Wh 
Cs 


i 


é 

J 4 e 
a ae ‘= 
= iE mi Ee . 


Optical images 
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Optical images: Dimensions 
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Plasmionique Inc. Sample CTSoi-14cN 


SEM images (65° tilt): Dimensions (uncorrected). Bridge#3 touches the Si handle! 
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Plasmionique Inc. Sample CTSoi-15N 
Annex 6: Sample CTSoi-15N 


TIN Patterning 


Lithography + Wet etch (APM, #5, stopped due to apparent but not real Si etch!) + Strip (Wet) : TIN step 
thickness seems too low > + Lithography + Plasma etch (RIE recipe for TIN etches Si as well > no 
endpoint) + Strip (RIE + Wet) #2 


Ni Lift-off 


ee pL Er a mn 


Lithography (HMDS + Negative PR with double coat) + Development #2 


| 50. 


| | le 


Strip (Wet + Gentle Q-tip scrub removal + RIE) #4 after Flood Exposure, Postbaking (oven), Descumming, 
and Ni coating. 
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Plasmionique Inc. Sample CTSoi-15N 


Si Etching 


Lithography, Development 


1 
a Je 
ie ‘ | 
4 i | 
au 


Plasma etch (RIE) #5 


SiO2 etching 


— ee —_ — — 


Wet Etch (BHF) #40: underetching of TiN 


Strip (RIE + Wet + RIE) 
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Plasmionique Inc. Sample CTSoi-15N 
CNT growth 
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Optical images 


Bridge#2 - Optical image: Dimensions 


Bridge#2 - SEM images (65° tilt, except #1): Dimensions (uncorrected). TIN connection might become 


problematic! 


Page 60/CofC 


Plasmionique Inc. Sample CTSoi-19N 
Annex 7: Sample CTSoi-19N 


TIN Patterning 


Lithography + Wet etch (ok?) + Strip (Wet) : TIN step thickness seems OK (no extra etch needed) 


Ni Lift-off 


PL) LITT 
Me le? 


Lithography (HMDS + Negative PR with double coat) + Development (#2) 


60 win 


Strip (Wet + Gentle Q-tip scrub removal + RIE) #2 after Flood Exposure, Postbaking (oven), Descumming, 
and Ni coating. Sample broken at Bridge#3 
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Plasmionique Inc. Sample CTSoi-19N 


Lithography, Development 


Plasma etch (RIE) #2 


Strip (RIE + Wet + RIE) 
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Plasmionique Inc. Sample CTSoi-19N 
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Bridge#2 - SEM images (65° tilt, except #1): Dimensions (uncorrected). 
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